We report results of diffusion Monte Carlo calculations for both 4 He absorbed in a narrow single walled carbon nanotube (R = 3.42Å) and strictly one dimensional 4 He. Inside the tube, the binding energy of liquid 4 He is approximately three times larger than on planar graphite. At low linear densities, 4 He in a nanotube is an experimental realization of a one-dimensional quantum fluid. However, when the density increases the structural and energetic properties of both systems differ. At high density, a quasi-continuous liquid-solid phase transition is observed in both cases.
Since their discovery by Ijima [1] in 1991, carbon nanotubes have received a great deal of attention. Basically, they are the result of the seamless rolling up of one or several graphite sheets over themselves [2] [3] [4] . Depending on the relative orientation of the rolling axis with respect underlying graphite structure, one can have different types of nanotubes [5] : armchair, zig-zag and chiral with different radii and different mechanical and electrical properties. Nowadays, it is possible to obtain high yields of nanotubes (single and multiple walled), with a variety of diameters ranging from 7 to 40Å [6] and lengths up to ∼ 1000 times larger.
One of the most attractive features of carbon nanotubes is the possibility of filling with different materials both their inner cavities and the interstitial channels among them [7, 8] .
The interest in this field is twofold. On one hand, the expected increase in the particlesubstrate potential energy with respect to a flat carbon surface has suggested the use of nanotubes as storage devices for molecular hydrogen in fuel cells [9, 10] . On the other, more theoretical, nanotubes provide a reliable realization of one-dimensional systems in the same way that a substance adsorbed on graphite manifests trends that are characteristic of a twodimensional medium. If the nanotubes are filled with light atoms (He) or molecules (H 2 ) and the temperature is low enough, one is dealing with quasi-one dimensional quantum fluids.
Such an experimental realization has been carried out for the first time by Yano et al. [11] in a honeycomb of FSM-16. This is a mesoporous substrate with tubes approximately 18Å in diameter. Using a torsional oscillator, this group proved the existence of superfluidity of the 4 He atoms absorbed in the pores below a critical temperature of ∼ 0.7 K. More recently,
Teizer et al [12] have studied experimentally the desorption of 4 He previously absorbed in the interstitial sites of carbon nanotube bundles. In this case, the data points unambiguously to the one-dimensional nature of the helium inside the nanotubes.
From a theoretical point of view, it has been recently established using both the hypernetted chain (HNC) variational approach [13] and the DMC method [14] that strictly one dimensional (1D) 4 He is a self-bound liquid at zero temperature. However, contrary to the situation for dilute classical gases [14] [15] [16] A, which corresponds to a (5,5) armchair tube in the standard nomenclature [2] .
The DMC method [17, 18] solves stochastically the N-body Schrödinger equation giving results that are exact for bosonic systems as liquid 4 He, provided that the interatomic potential is known. In the present calculation, we have used the HFD-B(HE) Aziz potential for the He-He pair interaction [19] , and the potential given by Stan and Cole [15] in their study of Lennard-Jones fluids in tubes for the He-tube one. Basically, they consider the nanotubes as smooth cylinders by making a z-average of the corresponding sum of all the C-He interactions. Thus, the potential felt by a particle only depends on its distance to the center of the cylinder. This is a simplification, but one would expect the error involved to be small since the helium atoms are much larger than the C-C distance. In fact, the differences in energy and position between a 4 He atom in the smooth cylinder model and the same particle considering its interaction with the surrounding individual carbons are about 1%
for the tube considered here [20] .
The efficiency of the DMC method is greatly enhanced by introducing a trial wave function Ψ(R) that acts as an importance sampling auxiliary function. In 1D 4 He we have used a two-body Jastrow wave function
, whereas liquid 4 He inside nanotubes requires the additional introduction of a one-body term
with Ψ c (R) = al [12] . On the other hand, the departure of the real 3D systems ( 4 He in graphite or a nanotube) from the idealized 2D or 1D liquids can be quantified by means of the parameter
where T stands for the tube and G for the graphite adsorbents and E is the energy per particle in the system under consideration. Around the respective equilibrium densities one obtains ∆ T = 90 % and ∆ G = 6 %, a large difference that indicates that the 1D representation of 4 He inside the nanotube is worse than the 2D modelization of 4 He in planar graphite.
Up to λ = 0.15Å −1 the energies per particle (e = E/N) of both 1D 4 He and 4 He inside the tube may be well fitted by a third-degree polynomial
The optimal values for the parameters A, B, λ 0 , and e 0 are reported in Table I In agreement with the DMC calculation of Stan et al. [14] and the variational one of Krotscheck and Miller [13] , 4 He selfbounds in a 1D array but with a binding energy (-0.0036±0.0002 K) much smaller than that in 2D (-0.897±0.002 K) [22] and 3D (-7.267±0.013 K) [18] . It is worth noting that such a small total energy results from a big cancellation between the potential and kinetic energies. At λ 0 , we have T/N = 0.2706±0.0004 K and V/N = -0.2742±0.0004 K. In fact, the influence of the 4 He interatomic potential in this system is very large. A calculation at the equilibrium density λ 0 for the 1D system using 5 the HFDHE2 Aziz potential [23] indicates that 4 He is still a liquid, but the total energy is a factor two smaller (-0.0018 ± 0.0003 K, with a potential energy -0.2724±0.0004 K and the same kinetic energy). This sizeable differences partially explain the discrepancies of the DMC calculation of Stan et al. [14] and ours with the results of Krotscheck and Miller [13] who used the HFDHE2 Aziz potential.
From the values of the energy, one can obtain the linear system pressure, p λ = λ 2 ∂e/∂λ, and estimate the same property for helium inside the cylinder as p = p λ /πR 2 . Another aspect that has deserved our attention has been the existence of a liquid-solid phase transition at high densities. Evidences of this phase transition, that is only possible at zero temperature, appear in a variational calculation of 1D 4 He [13] . A comparison between the DMC energies for the liquid and solid phases is given in Table II . One can see that in both systems, the energy per particle when localization is imposed (a = 0) is below the corresponding to a liquid structure (a = 0) for lineal densities greater than 0.358Å −1 . By means of the Maxwell double tangent construction, one would be able in principle to tell the solid from the liquid and to obtain the freezing and melting densities. Unfortunately, the energy differences between the z-localized and the liquid structures are too small to allow us to carry out a meaningful calculation. Our results indicate that for large enough densities 
